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1. Introduction: Our genome harbors many endogenous retroviral sequences and some of them may
continue to perform retroviral functions that contribute to disease '. Genome sequencing reveals that 8% of the
human genome consists of human endogenous retroviruses (HERVs) and roughly half of our DNA is made up
of transposable elements that include HERVs **. The integration of HER Vs into the host cell happens within
the context of their replication cycle °. HERV type K of the HML2 subtype is the most recently integrated and
most intact retrovirus in the human genome °. These most recently acquired proviruses of the HERV-K family
can express viral proteins and produce viral particles **. In previous studies we reported that expression of
HERV-K env protein in malignant BC cells was substantially higher than in normal or nonmalignant breast
cells *'", suggesting that HERV-K might be reactivated and implicated in carcinogenesis. Monoclonal and
single-chain antibodies against the HERV-K env protein recently proved capable of blocking the proliferation
of human BC cells in vitro and inhibiting tumor growth in mice bearing xenograft tumors '%. In addition, we
found that HERV-K env protein is capable of acting as a Tumor associate antigen (TAA), activating both T-cell
and B-cell responses in BC patients .

2. Keywords: breast cancer (BC), human endogenous retroviruses (HERVs), and Tumor associate antigen

(TAA)

3. Accomplishments: Anti-HERV-K env protein monoclonal antibodies (mAbs), including the HERV-K
specific 6H5 mAb, were used to evaluate HERV-K presence in breast tumors and breast cancer (BC) cells. In
addition, the antitumor effects of 6H5 or shRNA were determined in vitro and in vivo.

3.1.Correlation of HERV-K viral protein presence with breast tumorigenesis: We observed 1) expression
of HERV-K in BC, which verifies our earlier finding of HERV-K expression in BC; and 2) inhibition of BC
cell proliferation and induction of apoptosis in BC cells exposed to 6HS5, as reported previously (JNCI,
2012). Furthermore, short hairpin RNAs (shRNAs) targeting HERV-K env mRNA have been developed in
our laboratory and used 1) to knock down HERV-K expression; and 2) to correlate HERV-K viral RNA
presence with breast tumorigenesis. These studies were done both in vitro and in vivo.

3.2.Downregulated HERV-K inhibited BC cell proliferation: Significantly slower growth was observed in
BC cells (MDA-MB-231 and Hs578T) transfected with a shRNA targeting the HERV-K env mRNA
(shRNAenv) compared with a ShRNA targeting a scrambled RNA sequence (shRNAc) (Fig. 1). The shRNA
constructs expressed green fluorescent protein (GFP) that was used to track their proliferation.
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Fig. 1 Cell proliferation assays demonstrated significantly slower grow rates in MDA-MB-231 and Hs578T BC cell lines transfected
with shRNAenv vs. parent cells or siRNAc. MFI=mean fluorescence intensity of GFP.

Three BC cell lines (Hs578T, MDA-MB-231, and MCF-7) were transfected with shARNAenv compared with
shRNAc (Fig. 2). Smaller colony sizes and fewer numbers of colonies were detected in BC cells transfected
with shRNAenv (bottom panel) compared with shRNAc (top panels).



Fig. 2 Cell growth rates were compared in BC
cell lines transfected with shRNAenv vs.
shRNAc. Smaller numbers of colonies and
smaller colony sizes were demonstrated in
three BC cell lines transfected with shRNAenv
compared with cells transfected with shRNAc.
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3.2 Reduced BC cell transformation: A soft agar assay was employed to determine whether HERV-K
possesses a transforming capacity of BC cells. Significantly reduced numbers of colonies formed in soft
agar (Fig. 3) when HERV-K env was knocked down in BC cell lines (MCF-7: p=0.001; left panel and
Hs578T: p=0.006; right panel), compared to treatment with shRNAc.
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Fig. 3 Colony formation was significantly less in MCF-7 and Hs578T BC cell lines transfected with shRNAenv vs. shRNAc.

3.3 Reduced tumor sizes in vivo: Significantly reduced tumor sizes and weights were demonstrated in mice
inoculated with MDA-MB-231, MDA-MB-435.eb1, and SKBR3 BC cells stably transfected with
shRNAenv, compared to cells stably transfected with a shRNAc (Fig. 4).
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Fig. 4 Significantly reduced tumor sizes and weights were demonstrated in MDA-MB-231, MDA-MB 435 ebl, and SKBR3 BC cell
lines transfected with shRNAenv vs. shRNAc.

To date, our results demonstrate that down-regulation of HERV-K has growth-inhibitory activity in several
human breast cancer cell lines and reduced tumor growth in animal models. However, the precise
mechanisms by which HERV-K exerts these antitumor effects are not known. To obtain insights into its
mechanism of action, we examined the effects of HERV-K shRNAenv on cell proliferation, cell cycle
distribution, apoptosis, and on the levels of expression of several cell cycle control proteins. Our results
provide support for targeting of HERV-K with shRNAenv or other agents to block its expression, and
suggest that HERV-K targeting prevents BC tumorigenesis.

3.4 Downregulated HERV-K induces S-phase cell cycle arrest in several human BC cell lines: We were
also interested in examining the effects of HERV-K knockdown on cell cycle progression in exponentially
dividing cultures of BC cell lines. Cell cycle analysis was done by flow cytometry using PI staining; DNA
content was then analyzed using a FACScan instrument equipped with FACStation running Cell Quest
software. S phase arrest was found in Hs578T and MCF-7cell lines transduced with shRNAenv, compared
to these cells transduced with shRNAc or parent cells (Fig. 5). Downregulated HERV-K caused an increase
of cells in the S phase and a corresponding decrease of cells in the G; (MCF-7, bottom panel) or G,-M
phases (Hs578T, top panel).
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Fig. 5 Cell cycle distribution was determined in BC cell lines transduced with siRNAenv vs. shRNAc using FACS. S phase arrest was
observed in MCF-7 and Hs578T BC cell lines transfected with shRNAenv compared with cells transfected with shRNAc or parent cells.




3.5 RNA-Seq: An important challenge in cancer systems biology is to uncover the complex network of
interactions between genes (tumor suppressor genes and oncogenes) implicated in cancer. Next generation
sequencing provides unparalleled ability to probe the expression levels of the entire set of cancer genes and
their transcript isoforms. However, there are onerous statistical and computational issues in interpreting
high-dimensional sequencing data and inferring the underlying genetic network. In this study, we analyzed
RNA-Seq data from several BC cell lines or tumor biopsies derived from BC cell lines and implemented a
probabilistic framework to construct biologically-relevant genetic networks. In particular, we employed a
graphical lasso analysis, motivated by considerations of the maximum entropy formalism, to estimate the
sparse inverse covariance matrix of RNA-Seq data. RNA-Seq was employed to determine the signaling
pathway in BC cells transfected with shRNAenv compared with cells transfected with shRNAc (Fig. 6 to
Fig. 9). One example of RNA-Seq results obtained using MCF-7 cells is shown in Fig. 6.
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p53 Signaling was the major pathway affected by HERV-K knockdown by shRNAenv, followed by
Molecular Mechanisms of Cancer and GAD45 Signaling. Furthermore, signaling via the Mevalonate
Pathway was strongly affected in MDA-MB-435.eb1 transfected with shRNAenv vs. shRNAc (Fig. 7).
Deregulated genes in the Mevalonate Pathway (major pathway in Network 6; top left panel) and the log
ratios (top middle panel) are listed. Many genes involved in the mevalonate pathway whose levels were
downregulated are labeled in red for MDA-MB-435.eb1 cells transduced with shRNAenv compared with
shRNAc (top right panel). qRT-PCR was further used to confirm the deregulated genes of the mevalonate
pathway in MDA-MB-435.eb1 cells transduced with shRNAenv vs. shRNAc (bottom right panel). These
results suggest that HERV-K may play a major and previously unknown role in cholesterol metabolism.
Metabolic pathways, in turn, are becoming increasingly recognized as playing key roles in BC development
and progression, and our results suggest for the first time that HERV-K expression may have an impact on
metabolic pathways important in BC.
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Furthermore, tumor biopsies obtained from mice xenografted with two BC cell lines (Fig. 8: MDA-MB-
435.ebl, left panel; and SKBR3, right panel) that were transduced with shRNAenv compared with shRNAc
share the same network centered around ERK1/2.
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Fig. 8 Top-scoring gene network influenced by downregulated HERV-K. Networks were compared in tumor biopsies obtained from MDA-
MB-435.ebl (left panel) or SKBR3 (right panel) BC cells transfected with shRNAenv vs. shRNAc using RNA Seq. Many gene changes were
centered around ERK1/2. Nodes represent genes/molecules. Shading is in proportion to the size of the fold change (red, upregulation; green,
downregulation). Gray nodes denote network members that did not reach false discovery rate (FDR) < 10%.

Also, the MYC oncogene, which is frequently activated in human cancers, is downregulated in tumor biopsies
(left panel) or cell lysates (right panel) obtained from SKBR3 BC cells transduced with shRNAenv, compared
to cells transduced with shRNAc¢ (Fig. 9). Downregulated MY C gene was also observed in other BC cell lines
transduced with shRNAenv compared with shRNAc (data not shown). These data indicate that HERV-K viral
RNAs are involved in BC tumorigenesis via effects on not only p53 signaling pathways, but also ERK and
MYC pathways. All of these pathways play critically important roles in tumorigenesis.
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Fig. 9 Top-scoring gene networks influenced by downregulated HERV-K. Networks were compared in tumor biopsies (left panel) or cell
lysates (right panel) obtained from SKBR3 BC cells transduced with shRNAenv vs. shRNAc, using RNA-Seq. Deregulated MYC gene was
the central pathway affected in both cells and tumor biopsies. Nodes represent genes/molecules. Shading is in proportion to the size of the fold
change (red, upregulation; green, downregulation). Gray nodes denote network members that did not reach false discovery rate (FDR) < 10%.

3.6 Protein phosphorylation arrays:

One of the most important roles of phosphate in biological systems is that of a molecular switch, turning
enzyme activity on and off through the mediation of the various protein kinases and phosphatases in biological
systems. Gene ontology, pathway enrichment and protein-protein path length analysis were all carried out to
validate the biological context of the predicted network of interacting cancer genes described above. Since the
RNA-Seq results suggested that signaling pathways involving phosphorylation might play prominent roles in
response to HERV-K knockdown, phosphate binding protein arrays were employed to evaluate changes in BC
cells transduced with shRNAenv compared with shRNAc (Fig. 10).
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Fig. 10 Phosphate binding protein arrays were analyzed in MCF-7 BC cells transduced with shRNAenv vs. shRNAc. Phosphoprotein
levels were compared in MCF-7 BC cell lines transduced with shRNAenv compared with shRNAc. P38a, MSK1/2, and Fgr were the 3
major upregulated proteins and eNOS, RSK1/2/3, and HSP60 were the 3 major downregulated proteins after HERV-K knockdown.

Expression of a variety of phosphorylated proteins important in cancer signaling transduction pathways
were affected by HERV-K knockdown with shRNAenv. For example, P38a, MSK1/2, and Fgr were the
most strongly upregulated proteins, and eNOS, RSK1/2/3, and HSP60 were the most strongly
downregulated proteins. A potential pathway of HERV-K correlated to BC tumorigenesis is shown in Fig.
11.
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In summary, our data demonstrate that HERV-K plays a very essential role in BC tumorigenesis. In the previous
annual report, we explored our discovery of an effect of HERV-K on the p53 pathway in BC cell lines treated
with anti-HERV-K monoclonal antibodies. Here we verified the p53 results by knockdown of HERV-K env
with shRNA, and additionally discovered that the major ERK and MYC signaling pathways, which are
important in BC, are affected by HERV-K knockdown. Downregulation of H-Ras, MDM2 and c-Myc mRNAs
was also demonstrated in studies in our previous annual report. c-Myc induces the tumor suppressor ARF,
which inhibits MDM2 and leads to stabilization of the p53 protein '*.

In last year’s report, qRT-PCR revealed changes in expression of p53, MDM2 and c-myc in cancer cell lines
stably transfected with shRNA targeting the HERV-K env gene, showing that HERV-K is affecting signaling
via the p14ARF/MDM2/p53 axis. Changes in the expression of these key regulatory proteins at the protein level



was also determined by flow cytometry using various antibodies and protein assay as discussed above (Fig.10).
A more comprehensive description of the correlations we found between HERV-K and the above gene changes
was summarized in Fig. 11.

4. Impact:

Sequences of endogenous retroviruses are commonly found in the human genome. Among them, the HERV-K
family of endogenous retroviral genes, which is usually silenced, commonly becomes induced in cancer cells.
Our research focus is cancer genomics, predictive biomarkers, therapeutic antibodies and cancer vaccines
targeting HERV-K. Several recent publications provide evidence that endogenous retroviral-derived sequences
become activated in cancer cells and contribute unique regulatory elements that have reshaped the human
transcriptional landscape. This is an innovative concept because a viral etiology of BC has not yet been
established, and we propose in this study to establish that HERV-K has an essential role in BC tumorigenesis.
We are addressing the proposition that HERV-K is expressed in breast cells and contributes to human BC
tumorigenesis. This is the first time that a naturally-occurring virus has been identified and characterized in
BC, and our data is convincing that these retroviruses contribute to the pathology of BC. Our data will shift
both current research and current clinical practice paradigms because the HERV-K viral proteins will be
evaluated as a novel BC target for the first time. In addition to establishing a viral etiology of BC, our proposed
study would also have an impact on BC by opening up avenues of novel treatment of BC patients, such as the
immunotherapy regimen we describe below.

We recently submitted a manuscript entitled “Reduced Tumorigenesis and Metastasis of Breast Cancer by
HERV-K Specific Chimeric Antigen Receptor T cells,” to be considered for publication in Science
Translational Medicine (August, 2014). The main point of the paper is to use an adoptive cell transfer approach
to demonstrate antitumor and anti-metastatic effects of a chimeric antigen receptor (CAR) that allows T cells to
recognize HERV-K antigen on tumor cells.

Although treatment of patients with gene-engineered T cells equipped with either CARs or T cell receptors
(TCRs) has shown therapeutic successes in the treatment of some tumors, antitumor responses, especially in
solid tumors, have not been forthcoming in a substantial number of patients. The main challenges for
improving response are: 1. To identify tumor-specific antigens that are highly expressed in tumor tissues (on
target), but not in normal tissues (off-tumor), even at low levels. 2. To endow engineered T cells with high-
affinity receptors that are significantly toxic when tumor antigens are targeted. Here, we provide evidence that
on-target toxicity is HERV-K directed and that no off-tumor effects were observed in animal models.

Our manuscript addresses therapy of breast cancer by identifying and characterizing a chimeric antigen receptor
(K-CAR) that targets HERV-K on breast cancer cells. We first confirmed that the HERV-K envelope protein is
overexpressed on the breast cancer cell lines targeted by K-CAR T cells. Artificial antigen-presenting cells
expressing HERV-K env gene were used to propagate CD3" T cells expressing K-CAR (K-CAR T cells) from
breast cancer patients and controls.

Several novel findings have emerged from the studies reported in this paper:
e K-CART cells showed efficacy against a solid tumor. CARs have shown their greatest effectiveness
against hematological malignancies, but to date there has been only limited success in targeting solid
tumors with CARs.

e K-CART cells were able to lyse artificial antigen-presenting cells and HERV-K" cancer cells.

e In comparison to normal controls, K-CAR T cells from BC patients had higher percentages of regulatory
T cells, lower percentages of CD8" T cells, and lower proliferation rates. CD4" T cell depletion
enhanced the percentage of CD8" T cells in BC patients, which provided more effective antitumor
effects.

o K-CART cells generated from BC patients blocked growth of cultured BC cell lines and induced their
lysis and release of cytokines that included IFN-y, IL-2, TNF-a, and Grazyme B. Effects on lysis of BC



cells were reversed when HERV-K was knocked down with an ShRNA, which indicated that
cytotoxicity toward tumors was occurring in an antigen-dependent manner.

e Tumor biopsies of mice treated with K-CAR T cells showed changes in gene expression that were
consistent with effects we have observed after therapeutic antibody treatment, further supporting the
mechanism of anti-HERYV therapy.

e HERV-K expression was downregulated in BC cells after K-CAR T cell treatment of female
NOD/SCID mice bearing human tumor xenografts, especially after CD4 depletion. Importantly,
treatment with K-CAR T cells not only blocked tumor growth in this animal model, but also
significantly reduced dissemination from the primary site to form new lesions in other organs.

e These results indicate that K-CAR treatment may be capable of blocking both growth and metastasis of
BC.

Our pre-clinical studies reported here could pave the way for immunotherapy regimens for clinical trials in BC
patients. We feel that these observations will generate great interest in the BC immunotherapy field, because
there are so few CAR therapies that are effective against solid tumors such as BC. We also believe that this
paper will increase awareness of the potentially very important role of endogenous viruses in human BC.

5. Changes/Problems: Since we are in the process of moving our lab from MD Anderson Cancer Center to SRI
International during the current annual reporting period, many factors have caused our research to be delayed.
The DoD grant finally was transferred to SRI on May 1, 2014. However, we have had to wait for DoD approval
for using human subjects; this approval was granted on Sept. 12, 2014. Therefore, in this reporting period, no
patient samples have been collected for our study. When these patient samples become available, we will make
a strong effort to complete the analyses of these samples, as proposed in the grant. In addition, many materials,
including crucial antibodies and other materials essential for completing our studies, have been held at MD
Anderson because MTAs have not been executed to date. The only thing MD Anderson has released is “HERV-
K shRNAenv and shRNAc,” and the availability of these key reagents is the reason we have so many new
results for this annual report. We used all reagents available to finish or continue our ongoing projects, and are
hopeful that MTAs at MD Anderson will be finalized as soon as possible. Another achievement during this
reporting period is that we completed our HERV-K chimeric antigen receptor (CAR) study in BC patients (see
below for the summary of this study, and the attachment containing the manuscript). Ours is among the first
reports of a CAR to treat solid tumors, and we were successful in reducing tumor burden and preventing
metastasis of BC to the lung, liver, and other organs.

6. Products: The products we generated during this reporting period are underlined and highlighted in boldface
type below. We have previously reported the antitumor effects of anti-human endogenous retrovirus-K
(HERV-K) monoclonal antibodies, as well as vaccines for BC based on HERV-K envelope (env) protein as a
tumor-associated antigen. Here, a chimeric antigen receptor (CAR) specific for HERV-K env protein (K-
CAR) was generated using the Sleeping Beauty system. K-CARs from peripheral blood mononuclear cells of 9
BC patients and 12 normal female donors were able to inhibit growth of, and to exhibit significant cytotoxicity
toward, BC cells but not MCF-10A normal breast cells. The antitumor effects were significantly reduced when
the expression of HERV-K in BC cells was knocked down by ShRNAs targeting HERV-K. Secretion of
multiple cytokines, including IFN-y, TNF-a, and IL-2, was significantly enhanced in culture media of BC cells
treated with K-CARs. Significantly reduced tumor growth and tumor weight was observed in xenograft models
bearing MDA-MB-231 or MDA-MB-435.eB1 cells. Importantly, the K-CAR prevented tumor metastasis to
other organs. Moreover, downregulation of HERV-K expression in tumors of mice treated with K-CAR
correlated with upregulation of TP53 and downregulation of MDM2 and p-ERK. Our results indicate that CARs
directed toward HERV-K may play an important role in immunotherapy of BC, and that K-CAR shows
potential for use in clinical trials involving BC patients.
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Abstract:

We have previously reported the antitumor effects of anti-human endogenous retrovirus-K
(HERV-K) monoclonal antibodies, as well as vaccines for breast cancer (BC) based on HERV-K
envelope (env) protein as a tumor-associated antigen. Here, a chimeric antigen receptor (CAR)
specific for HERV-K env protein (K-CAR) was generated using the Sleeping Beauty system. K-
CARs from peripheral blood mononuclear cells of 9 BC patients and 12 normal female donors
were able to inhibit growth of, and to exhibit significant cytotoxicity toward, BC cells but not
MCF-10A normal breast cells. The antitumor effects were significantly reduced when the
expression of HERV-K in BC cells was knocked down by an shRNA. Secretion of multiple
cytokines, including IFN-y, TNF-q, and IL-2, was significantly enhanced in culture media of BC
cells treated with K-CARs. Significantly reduced tumor growth and tumor weight was observed
in xenograft models bearing MDA-MB-231 or MDA-MB-435.eB1 cells. Importantly, the K-
CAR prevented tumor metastasis to other organs. Moreover, downregulation of HERV-K
expression in tumors of mice treated with K-CAR correlated with upregulation of TP53 and
downregulation of MDM?2 and p-ERK. Our results indicate that CARs directed toward HERV-K
may play an important role in immunotherapy of BC, and that K-CAR shows potential for use in

clinical trials involving BC patients.



Main Text:
INTRODUCTION
Clinical trials for a variety of malignant diseases have shown that T-cell therapy may be effective
and even curative for some patients (1). Many tumor-associated antigens (TAAs) have been
identified, and their ability to induce antitumor T-cell immunity has been documented in clinical
studies (2). A promising approach in cancer treatment is adoptive immunotherapy using chimeric
antigen receptor (CAR)-engineered T cells to redirect specificity toward a particular TAA (3-5)
in a manner independent of the major histocompatibility complex. The efficacy and safety of
adoptive CAR-engineered T cells have been evaluated in multiple clinical studies. Early-phase
clinical trials reported that adoptively transferred CAR" T cells have efficacy in treating
hematological malignancies and some solid tumors. The most encouraging results have been
achieved in patients with chronic lymphocytic leukemia and lymphoma who were treated with
CD19 CAR' T cells (6-8). CAR-based therapy of solid tumors has also been attempted, including
the use of CARs targeting HER2 for colorectal cancer (9), folate receptor-a for ovarian cancer
(10), carcinoembryonic antigen for colorectal cancer and breast cancer (BC) (11), prostate-
specific membrane antigen for prostate cancer (12), and carbonic anhydrase IX for metastatic
renal cell carcinoma (13). A primary challenge using CARs in solid tumors will thus be to target
TAAs with CARs that are able to penetrate the tumor microenvironment and provoke on-target
cytotoxicity toward tumor cells.

Our genome harbors many endogenous retroviral sequences and some of them may continue
to perform retroviral functions that contribute to disease (14). Genome sequencing reveals that
8% of the human genome consists of human endogenous retroviruses (HERVs) and roughly half

of our DNA is made up of transposable elements that include HERVs (15-17). The integration of



HERVs into the host cell happens within the context of their replication cycle (18). HERV type
K of the HML2 subtype is the most recently integrated and most intact retrovirus in the human
genome (19). These most recently acquired proviruses of the HERV-K family can express viral
proteins and produce viral particles (20, 21). In previous studies we reported that expression of
HERV-K env protein in malignant BC cells was substantially higher than in normal or
nonmalignant breast cells (22-24), suggesting that HERV-K might be reactivated and implicated
in carcinogenesis. Monoclonal and single-chain antibodies against the HERV-K env protein
recently proved capable of blocking the proliferation of human BC cells in vitro and inhibiting
tumor growth in mice bearing xenograft tumors (25). In addition, we found that HERV-K env
protein is capable of acting as a TAA, activating both T-cell and B-cell responses in BC patients
(26).

Here we genetically modified T cells using the Sleeping Beauty (SB) system to stably
introduce a single-chain variable fragment (scFv: G11D10) (25) generated from an anti-HERV-
K monoclonal antibody (mAb: 6HS5) (26) to produce an HERV-K specific CAR (K-CAR).

Antitumor effects of K-CAR were demonstrated in vitro and in vivo.

RESULTS

Expression of HERV-K env protein in breast cancer cells

The expression of HERV-K env protein on the BC cell membrane and cytoplasm was observed
in MDA-MB-231, MDA-MB-435.eB1, and MCF-7 BC cells to a greater extent than in MCF-
10A or MCF-10AT non-malignant breast cells by flow cytometry (fluorescence-activated cell
sorting, or FACS; Fig. S1A), immunofluorescence (Fig. S1B), immunohistochemistry (IHC; Fig.

S1C), and immunoblot (Fig. S1D) using anti-HERV-K mAb 6H5 (26) , confirming our findings



from previous studies (22-27). Expression of HERV-K env protein was increased in MDA-MB-
231 (~6-fold), MDA-MB-435.eB1 (~5-fold), MCF-7 (~4-fold), and SKBR3 (~4-fold; data not
shown) BC cells, compared to the level of expression in MCF-10A (1-fold) or MCF-10AT (~1.5-
fold) nonmalignant breast cell lines, as assessed by immunoblot, using the ImagelJ program to
estimate band intensity, with normalization to B-actin. Based on their degree of overexpression,
MDA-MB-231 and MDA-MB-435.eB1 BC cells were used as targets for adoptive T therapy in

subsequent studies.

HERV-K specific CAR construction and propagation

6HS5 mAb and its scFv were previously shown to exhibit specificity and sensitivity in detecting
and binding HERV-K env protein on BC cell lines (25), and these antibodies were used for
generation of K-CAR. In this construct (Fig. S2A), the 6HS5 scFv is fused to the [gG4Fc region
by a flexible linker, followed by the CD28 transmembrane and CD28 and CD3( intracellular
domains, as described previously (28). K562 cells expressing HERV-K env gene in a lentiviral
vector (Fig. S2B) were used as artificial antigen-presenting cells (aAPCs) to propagate CD3" T
cells expressing K-CAR. The expression of HERV-K env in K562 cells was demonstrated by
RT-PCR (Fig. S2C, left panel), immunoblot (Fig. S2C, 